Abstract. Endothelial microparticles (EMPs) are small vesicles released from endothelial cells (ECs) and found circulating in the blood. EMPs are formed by a plasma membrane surrounding a small amount of cytosol and contain a subset of cellular proteins. As the number of EMPs in the blood increases with certain diseases, they may be an attractive biomarker for clinical diagnosis. Proteomic analysis of EMPs has been previously performed by mass spectrometry. However, the proteomic information of the ECs that secrete EMPs is lacking. This study introduces an in vitro model of activated ECs we created for proteomic analyses and reports the changes of the protein content in the ECs and EMPs using proteomic methods. Thus, this study provides valuable information for the analysis of the highly dynamic secretion process of EMPs. There is a direct correlation between the proteins that form EMPs and tumor necrosis factor-α (TNF-α)-activated ECs. The endothelial proteins transferred by EMPs may play important roles in the interaction between EMPs and the target cells, which may lead to endothelial dysfunction.
Introduction
Sepsis and septic shock are considered the primary causes of mortality in the intensive care unit worldwide (1) . It has been widely acknowledged that endothelial cells (ECs) play a key role in the pathogenesis of sepsis (2, 3) . The vascular endothelium is not only the barrier between blood and tissue, but also takes part in the inflammatory and coagulation responses (4) . Its dysfunction or damage is a crucial link during the development of sepsis and may lead to multiorgan failure. Thus, it is important and necessary to discover the pathological mechanism of endothelial dysfunction that results in sepsis.
Endothelial microparticles (EMPs) are small vesicles released from activated, apoptotic or injured ECs ranging in size from less than 1 µm (5). EMPs were first discovered by Hamilton et al in 1990 (6) . Under normal conditions, there is a low concentration of EMPs in the circulation. Under pathological conditions, particularly in diseases associated with endothelial dysfunction, the level of EMPs is significantly higher (5) . Therefore, studying EMPs may be a practicable and effective method of studying ECs.
When ECs are stimulated by proinflammatory, prothrombotic or proapoptotic factors, or are exposed to high shear stress, EMPs will be generated and released. This may also occur in the case of cellular differentiation, senescence or apoptotic cell collapse (7) . The phenotype of EMPs is distinct according to the different stimuli. In general, EMPs produced by activation factors include higher levels of endothelial inducible markers, such as CD62E (E-selectin), and EMPs produced by apoptotic factors include higher levels of Annexin V and endothelial constitutive markers, such as CD31 (PECAM) (8) . The components of EMPs are also distinct according to the different stimuli. The research of Peterson et al (9) indicated that EMPs induced by PAI-1 and TNF-α have overlapping but distinct protein compositions.
Previous studies merely considered EMPs as inert biomarkers indicating endothelial function, but numerous studies have proven that EMPs are the vectors for intercellular information exchange (10, 11) . EMPs can alter the function of neighboring cells, as well as cells far away from their original cells. Their effects involve many aspects, for example inflammatory and coagulation responses, angiogenesis, cell proliferation and cell migration. However, the mechanisms by which EMPs are released from ECs and affect the function of downstream cells remain unclear. In order to investigate the possible mechanisms, it is important to determine the protein composition of EMPs. The majority of the prior research focused on 1 or several proteins of the pathway, but these results were not comprehensive.
Other studies, such as the study by Peterson et al (9) , used proteomic analysis and discovered more valuable proteins. It is clear that proteomic analysis is an ideal method to investigate the possible mechanisms of EMPs at present.
However, the existing proteomic reports still have some problems. They compared the contents of EMPs generated by different stimuli and found distinct proteins, but ignored the change of protein components that occurred in the corresponding ECs. This may be an important aspect of revealing the mechanisms associated with EMPs.
In this study, we aimed to stimulate ECs to release EMPs using tumor necrosis factor-α (TNF-α), which is a commonly used proinflammatory substance, so as to produce an in vitro model of activated ECs for proteomic research and then comprehensively compare the proteome of unstimulated and TNF-α-stimulated ECs using two-dimensional (2-D) gel electrophoresis followed by mass spectrometry (MS). Simultaneously, we determined the protein composition of EMPs from ECs stimulated by TNF-α using the liquid chromatography-mass spectrometry (LC-MS)/MS method. Finally, using the comparison of proteins as mentioned above, we confirmed that EMPs are capable of transferring biological information, and moreover, gain further insight into the possible functional mechanisms of EMPs generated by TNF-α.
Our results may help to understand the mechanism of endothelial dysfunction and sepsis pathogenesis. Thus we may open up a new field of research for diagnosis and therapy of sepsis.
Materials and methods
HUVEC culture and EMP generation. Primary cultures of human umbilical vein endothelial cells (HUVECs) were isolated from fresh human umbilical cord veins using collagenase type I (Sigma, St. Louis, MO, USA) and maintained in medium 200 (Cascade Biologics, Carlsbad, CA, USA) supplemented with low serum growth supplement (LSGS; Cascade Biologics). Cell passages were performed using 0.05% trypsin in 0.02% ethylenediaminetetra-acetic acid. Cells were incubated in a humidified incubator with 5% carbon dioxide at 37˚C. The medium was renewed every 48 h until confluence occurred. The HUVECs used for this research were from the second passage.
HUVECs were equally divided into 1 control group and 9 TNF-α-stimulated groups. The control group was incubated in fresh medium 200 with LSGS. The TNF-α-stimulated groups were incubated in serum-free medium for 2 h and then incubated in fresh medium 200 with LSGS containing 10, 100 or 200 ng/ml TNF-α (PeproTech, Rocky Hill, NJ, USA) for 1, 3 or 24 h, respectively.
Following incubation, the cell-conditioned medium of each group was harvested and centrifuged at 200 x g for 5 min at room temperature to remove cell debris. The supernatant was collected and ultracentrifuged at 100,000 x g for 2 h at 4˚C. The supernatant was discarded. The sediment was washed once with PBS and ultracentrifuged in the same way. The EMP pellet was used for flow cytometry and LC-MS/MS and it was stored at 4˚C for no more than 72 h.
HUVECs from each group were washed 3 times with PBS, digested by trypsin, and then centrifuged at 200 x g for 5 min at room temperature. The supernatant was discarded and cells were collected for 2-D electrophoresis.
EMP detection. Flow cytometry was used for EMP detection. The EMP pellet of each group was resuspended in 200 µl PBS and labeled by CD62E (BD Biosciences, Franklin Lakes, NJ, USA). For counting, a known amount of 1 µm fluorescent latex beads (Sigma) was added to samples as an internal standard. Using these latex beads as gating parameters, EMPs were defined as particles <1 µm in size. EMPs were counted from the gate corresponding to PE-CD62E+ events, so that other small granules in the medium, such as the composition of LSGS, could be excluded. The results are expressed as the number of EMPs/1x10 6 cells. Statistical analysis was performed using ANOVA. P<0.05 was considered to indicate a statistically significant difference.
According to the EMP detection results, the group that generated the most EMPs among the 9 TNF-α groups was determined. The EMPs of this group were used for LC-MS/MS. HUVECs of this group and the control group were used for 2-D electrophoresis.
HUVEC 2-D electrophoresis. Two groups of HUVECs were respectively suspended in a solution containing 7 M urea, 2 M thiourea, 4% w/v CHAPS, 1% w/v DTT (all from Sigma), 2% IPG buffer (3-10), 40 mM Tris-base (both from Bio-Rad, Hercules, CA, USA) and protease inhibitor cocktail EDTA-free (Pierce, Rockford, IL, USA). The suspension was sonicated 5 times for 10 sec at 4˚C. The samples were centrifuged at 16,000 x g for 30 min to pellet cell debris. The concentration of sample proteins were detected by RCDC Protein Assay (Bio-Rad). IPG strips (Bio-Rad) used for isoelectric focusing (IEF) were 17 cm with pH 3 to 10. In total, 100 µg of protein from each sample was added into rehydration solution. IPG strips were put into individual grooves in the reswelling tray. IEF was carried out using a horizontal electrophoresis apparatus (Bio-Rad). After the rehydration at 50 V for 12 h at 20˚C, focusing was started at 250 V and the voltage was progressively increased to 10,000 V until a maximum of 88,700 Vh. When IEF was finished, strips were equilibrated twice for 15 min in equilibration buffer containing 6 M urea, 30% v/v glycerol (Sigma), 2% w/v SDS (Bio-Rad) and 1.5 M Tris-HCl buffer (pH 8.8) supplemented with 5 mg/ml DTT for the first treatment and 45 mg/ml iodoacetamide (Sigma) for the second treatment. Polyacrylamide gels (12.5%) were used for SDS polyacrylamide gel electrophoresis. The running conditions were 16 mA/gel for 30 min followed by 24 mA/gel for 6 h at 20˚C. The gels were stained by silver, according to the method of Westermeier et al (12) . 2-D electrophoresis was repeated 3 times. Stained gels were scanned and the images were analyzed by PDQuest Image Analysis software (Bio-Rad) in order to find the differentially expressed protein spots and ratio level of the TNF-α stimulated group to the control group.
HUVEC matrix-assisted laser desorption/ionization-time-offlight (MALDI-TOF)/TOF-MS.
Protein spots were excised from the preparative gels, and destained with 100 mM NH 4 HCO 3 in 30% ACN. After removing the destaining buffer, the gel pieces were lyophilized and rehydrated in 30 µl of 50 mM NH 4 HCO 3 containing 50 ng trypsin (Promega, Madison, WI, USA). Following overnight digestion at 37˚C, the peptides were extracted 3 times with 0.1% TFA in 60% ACN. Extracts were pooled together and lyophilized. The resulting lyophi-lized tryptic peptides were maintained at -80˚C until mass spectrometric analysis. A protein-free gel piece was treated as above and used as a control to identify autoproteolysis products derived from trypsin.
MS and MS/MS spectra were obtained using the ABI 4800 Proteomics Analyzer MALDI-TOF/TOF (Applied Biosystems, Carlsbad, CA, USA) operating in a result-dependent acquisition mode. Peptide mass maps were acquired in positive ion reflector mode (20 kV accelerating voltage) with 1000 laser shots per spectrum. Monoisotopic peak masses were automatically determined within the mass range 800-4000 Da with a signal-to-noise ratio minimum set to 10 and a local noise window width of 250 m/z. Up to 5 of the most intense ions with minimum signal-to-noise ratio of 50 were selected as precursors for MS/MS acquisition, excluding common trypsin autolysis peaks and matrix ion signals. In MS/MS-positive ion mode, spectra were averaged, collision energy was 2 kV and default calibration was set. Monoisotopic peak masses were automatically determined with a signal-to-noise ratio minimum set to 5 and a local noise window width of 250 m/z. The MS together with MS/MS spectra were searched against the UniprotKB/Swiss-Prot database using the software GPS Explorer (Applied Biosystems) and MASCOT (Matrix Science, Boston, MA, USA) with the following parameter settings: trypsin cleavage, one missed cleavage allowed, carbamidomethylation set as fixed modification, oxidation of methionines allowed as variable modification, peptide mass tolerance set to 100 ppm, fragment tolerance set to ±0.3 Da and minimum ion score confidence interval for MS/MS data set to 95%.
EMP LC-MS/MS.
EMPs were disrupted by lysis buffer with protease inhibitor cocktail EDTA-free (Pierce). The suspension was sonicated 5 times for 10 sec at 4˚C. The sample was then centrifuged at 16,000 x g for 30 min to pellet the insoluble protein fraction. The supernatant containing soluble proteins was used for LC-MS/MS.
Ettan™ MDLC system (GE Healthcare, Piscataway, NJ, USA) was applied for desalting and separation of tryptic peptide mixtures. In this system, samples were desalted on RP trap columns (Zorbax 300SB-C18, Agilent Technologies, Santa Clara, CA, USA), and then separated on a RP column (150 µm i.d., 100 mm length, Column Technologies Inc., Downers Grove, IL, USA). The mobile phase A (0.1% formic acid in HPLC-grade water) and mobile phase B (0.1% formic acid in acetonitrile) were selected. A total of 20 µg of tryptic peptide mixtures of EMPs were loaded onto the columns, and separation was performed at a flow rate of 2 µl/min by using a linear gradient of 4-50% B for 120 min. A Finnigan™ LTQ™ linear ion trap MS (Thermo Electron, Waltham, MA, USA) equipped with an electrospray interface was connected to the LC setup for detection of eluted peptides. Data-dependent MS/MS spectra were obtained simultaneously. Each scan cycle consisted of 1 full MS scan in profile mode followed by 5 MS/MS scans in centroid mode with the following Dynamic Exclusion™ settings: repeat count 2, repeat duration 30 sec, exclusion duration 90 sec. Each sample was analyzed in triplicate.
The MS/MS spectra were automatically searched against the non-redundant International Protein Index (IPI) human protein database (version 3.26, 67687 entries) using the BioworksBrowser (Thermo Electron). Protein identification results were extracted from the SEQUEST files with BuildSummary (13) .
The peptides were constrained to be tryptic and up to 2 missed cleavages were allowed. Carbamidomethylation of cysteines was treated as a fixed modification, whereas oxidation of methionine residues was considered as a variable modification. The mass tolerance allowed for the precursor ions was 2.0 Da and fragment ions was 0.2 Da, respectively. The protein identification criteria were based on Delta CN (≥0.1) and cross-correlation scores (Xcorr, 1 charge ≥1.9, 2 charges ≥2.2, 3 charges ≥3.75).
Protein analysis. All accession IDs of the proteins identified in HUVECs via MALDI-TOF/TOF-MS and in EMPs via
LC-MS/MS were unified to Swiss-Prot IDs at http://www. uniprot.org/ and the protein names were also discovered. The endothelial differentially expressed proteins were compared with the proteome of EMPs in order to determine any existing correlations. The Swiss-Prot IDs of the proteins we were interested in were used to annotate these proteins with their corresponding Gene Ontology (GO) annotations including the cellular components, molecular functions and biological processes involved. In addition, KEGG pathway annotations of these proteins were also found at http://www.genome.jp/kegg/.
Results

TNF-α dose and time-dependency of EMP generation.
All 9 TNF-α groups generated more EMPs than the control group, which generated 5123 EMPs/1x10 6 cells. Fig. 1 indicates clearly that the group treated with 100 ng/ml TNF-α for 24 h had the most EMPs (54588 EMPs/1x10 6 cells). Differences Figure 1 . TNF-α dose and time-dependency of EMP generation. * The group treated with 100 ng/ml TNF-α for 24 h had the most EMPs. Significant differences (P<0.05, ANOVA): 10 ng/ml TNF-α 1 vs. 3 h, 1 vs. 24 h, 3 vs. 24 h; 100 ng/ml TNF-α 1 vs. 24 h, 3 vs. 24 h; 200 ng/ml TNF-α 1 vs. 3 h, 1 vs. 24 h, 3 vs. 24 h; 1 h 10 ng/ml TNF-α vs. 200 ng/ml TNF-α; 3 h 10 ng/ ml TNF-α vs. 200 ng/ml TNF-α, 100 ng/ml TNF-α vs. 200 ng/ml TNF-α; 24 h 10 ng/ml TNF-α vs. 100 ng/ml TNF-α, 100 ng/ml TNF-α vs. 200 ng/ml TNF-α. TNF-α, tumor necrosis factor-α; EMP, endothelial microparticles. among 9 groups under different TNF-α doses and time conditions were statistically analyzed (Fig. 1) .
2-D patterns of unstimulated HUVECs and TNF-α-stimulated
HUVECs. 2-D gel electrophoresis was used to respectively separate all proteins from unstimulated HUVECs and TNF-α-stimulated HUVECs and repeated 3 times. Fig. 2 shows these 2 patterns of silver stained 2-D polyacrylamide gels based on protein molecular weight (MW) and isoelectric point (pI), each of which contained 100 µg of proteins. pH ranged from 3 to 10 and MW ranged from 14.4 to 97.4 kDa. The patterns were generally consistent with the pattern reported previously (14) .
The protein spots were analyzed by PDQuest Image Analysis software in order to detect the differentially expressed proteins. We found 47 differentially expressed proteins. Each protein level ratio of TNF-α-stimulated HUVECs to unstimulated HUVECs was calculated. Among these 47 proteins, the expression of 11 proteins was upregulated, 21 proteins were downregulated, 13 proteins were no longer expressed, and 2 proteins were freshly generated after the stimulation.
Identification of differentially expressed proteins in HUVECs by MALDI-TOF/TOF-MS.
In total, 29 of these 47 differentially expressed proteins were successfully identified through MALDI-TOF/TOF-MS and every protein score C.I.% was higher than 95%. Among these 29 proteins, the expression of 8 proteins was upregulated, 12 proteins were downregulated, 8 proteins were no longer expressed, and 1 protein was freshly generated (Fig. 2 ). Protein name, protein level ratio and the other information are shown in Table I . The highest ratio of upregulation was approximately 3.5-fold and the highest ratio of downregulation was approximately 3.18-fold.
Proteome identification of EMPs generated from TNF-α-stimulated HUVECs by LC-MS/MS and protein analysis.
A total of 83 proteins were identified in EMPs generated from TNF-α-stimulated HUVECs. Comparing these proteins with 29 differentially expressed proteins as noted previously, we observed 8 common proteins within EMPs, of which 1 protein was no longer expressed, the expression of 4 proteins was downregulated, and the expression of 3 proteins was upregulated in TNF-α-stimulated HUVECs. GO annotation and KEGG pathway analysis data of these 8 proteins is shown in Table II .
Discussion
In EMP research, TNF-α is widely used to activate ECs to produce EMPs and mimic acute inflammation. However, there are scarce details about the TNF-α dose and timedependency of the EMP generation. Our results showed that TNF-α enhanced EMP release compared with unstimulated HUVECs. When treated with 100 ng/ml TNF-α for 24 h, HUVECs generated the most EMPs. According to these findings, the in vitro model of activated ECs could be used in order to generate enough EMPs for proteomic research.
Our study indicates that a direct correlation exists between the proteins comprising EMPs and the proteins expressed by ECs induced by TNF-α. We confirmed that endothelial proteins of various pathways will change when TNF-α, as an important proinflammatory factor during sepsis, stimulates HUVECs. These changes take place not only in quantity but also in type of proteins. According to our results, there were 29 differentially expressed EC proteins activated by TNF-α compared to the unstimulated ECs, 8 of which were upregulated, 12 of which were downregulated, 8 of which were no longer expressed, and 1 of which was freshly generated. Table I according to its corresponding spot number. HUVECs, human umbilical vein endothelial cells.
The probable causes of the modification of proteins are as follows. The upregulation and new generation occur due to the augmentation of protein synthesis or the conversion from other proteins. The downregulation and the lack of expression occur due to the decrease of protein synthesis, transforming to other proteins, protein degradation or the release out of the cells, which may include the direct release to the extracellular space and the release via EMPs. Further study revealed that EMPs contained 8 of the 29 proteins, of which the expression of 3 were upregulated, 4 were downregulated, and 1 was no longer expressed. We consider that the shedding of EMPs is an important cause of endothelial protein modification. It should be noted that the shedding of EMPs did not only occur during protein downregulation and lack of expression, but also occurred during upregulation, as we found 3 upregulated proteins in EMPs. The fact that the quantity of these proteins still increases is perhaps due to the protein synthesis exceeding the release, or the release having a negative feedback effect, which makes the synthesis augment.
Due to this correlation, we proved that EMPs are not only markers reflecting the condition of ECs but also vectors exchanging intercellular information. The cellular component of these 8 common proteins tells us that EMPs could carry proteins from any component out of the ECs (Table II) . Among these 8 proteins, there were 2 upregulated proteins associated with anti-apoptosis [heat shock protein β-1 (HspB1) and nucleophosmin] and 3 proteins associated with cytoskeletal structure (vimentin, actin cytoplasmic 1 and tubulin β chain). TNF-α is Proteins also reported in the study by Sander et al (21) . Nos. 1-8, proteins are no longer expressed; nos. 9-20, protein expression is downregulated; no. 21, protein is freshly generated; and nos. 22-29, protein expression is upregulated. +, Upregulation; -, downregulation; EMPs, endothelial microparticles; HUVECs, human umbilical vein endothelial cells. Table II . GO and KEGG pathway analysis of common proteins between the proteome of EMPs and differential proteins of HUVECs. Gene ontology capable of causing endothelial apoptosis by activating ECs (15) . Therefore the generation of anti-apoptotic proteins rises to a higher level. The knowledge of EMP production and release comes from research on platelet microparticles (16) . Briefly, the mechanism concerns the alteration of the cytoskeleton. Thus the related endothelial proteins change. The proteome of EMPs may provide a detailed statement about the situation of the original ECs, such as what stimulated the cells and how the cells responded. However, EMPs as vesicles transferring biological signals and information should contain proteins playing a role in essential biological processes. Among these 8 proteins, for example, there were proteins (actin cytoplasmic 1 and tubulin β chain) involved in cell adhesion, cell junction or leukocyte transendothelial migration, which are key proteins in the processes of endothelial high permeability and capillary leak. Furthermore, when these 8 proteins were investigated, we found that both the protein with the highest increase in expression and that with the lowest among the 29 differentially expressed endothelial proteins examined, were within the EMPs. This does not mean that the greatest change is the most important change, but it is evident that these 2 proteins, HspB1 and annexin A2, are significant proteins.
HspB1 was 3.50-fold more abundant in the TNF-α-induced ECs than in resting ECs. According to GO analysis, HspB1 is involved in anti-apoptosis, cellular component movement, mRNA metabolic processes, regulation of translational initiation and other biological processes. A recent report clarified that ECs with upregulated HspB1 could survive apoptosis (17) . Another report revealed that HspB1 could have a protective effect on the cytoskeleton and preserve EC integrity, which could protect against acute kidney injury after hepatic ischemia and reperfusion (18) . Moreover, KEGG pathway analysis showed that HspB1 is associated with the MAPK and VEGF signaling pathways. Thus, once activated by a proinflammatory factor such as TNF-α, ECs will upregulate HspB1 to protect themselves. This condition could be detected through EMPs and EMPs may carry HspB1 to affect other cells.
Annexin A2 was 3.18-fold less abundant in TNF-α-induced ECs than in resting ECs. The endothelial-related information of GO analysis shows that annexin A2 positively regulates the vesicle fusion. We know that ECs liberate EMPs so they need to downregulate proteins leading to vesicle fusion, such as annexin A2. Reflecting this condition, EMPs with annexin A2 tend to fuse with other cells and then play biological roles. In addition, it was confirmed that annexin A2 is capable of assembling plasminogen and has a positive effect on vascular fibrinolysis (19, 20) .
We consider that perhaps the proteins within EMPs shedding from ECs have 2 different effects. Firstly, they are useful to regulate the function of other cells, no matter whether the cells are neighboring or remote, or whether the cells are the same type or a different type, for example HspB1. Secondly, they are harmful to the original ECs, so they are released to protect the cells themselves. However, these proteins, for example annexin A2, may have a positive effect on downstream cells. Therefore, EMPs are not inert cellular debris, but vital vectors.
Compared with the previous proteomic reports of EMPs, 5 of these 8 proteins included in the TNF-α-derived EMPs in our study were the same as the proteins in the plasminogen activator inhibitor type 1 (PAI-1)-derived EMPs in the study by Sander et al (21) (indicated in Table I ). However, all of these 8 proteins in our study were not found in proteins identified as unique to control EMPs, PAI-1 EMPs, or TNF-α EMPs in the study by Peterson et al (9) . This is an interesting finding. The various proteomic methods used in these 3 studies is a possible cause for these differences since Sander et al used 2-D/MALDI-TOF/TOF-MS, Peterson et al used LC-MS/MS, and in our study, we used both 2-D/MALDI-TOF/TOF-MS and LC-MS/MS. 2-D/MALDI-TOF/TOF-MS is the classical method for finding differentially expressed proteins and LC-MS/MS is suitable for detecting substances with lower quantities of proteins, so we used the former to find differentially expressed proteins of HUVECs and the latter to detect the proteome of EMPs. Another possible cause is that the previous studies used commercially available HUVECs and our study used cells from fresh human umbilical cord veins. The HUVECs we used are more in accord with the actual situation found in the human body. Putting aside the factors of sensitivity and heterogeneity, it appears that there are proteins in all types of EMPs and these common proteins could account for the mechanisms of formation and function of EMPs.
It should be noted that the 8 no-longer expressed and 1 freshly generated endothelial proteins we found could be the consequence of the relatively low sensitivity of the 2-D electrophoresis method. It means that these 9 proteins do exist in ECs but they could not be detected in the 2-D gels. In other words, the no-longer expressed proteins could be downregulated proteins and the freshly generated protein could be an upregulated one. Even so, the conclusion of our study is meaningful as the changes of these endothelial proteins did occur. In addition, the number of proteins found within EMPs was less than that reported in previous proteomic research. This is probably due to fewer EMPs released by HUVECs from the fresh human umbilical cord veins we used than by commercially available HUVECs. However, if we consider the proteome of EMPs as a whole, this study of the proteins with relatively great changes will clearly indicate the important effect of EMPs.
In conclusion, we created an in vitro model of activated ECs for proteomic research with cultured HUVECs treated with 100 ng/ml TNF-α for 24 h. We found the differentially expressed proteins between the control ECs and the ECs stimulated by TNF-α and confirmed that EMPs could carry endothelial proteins out of the cells. GO and KEGG pathway analysis indicated that the common proteins included in EMPs have effects on vital biological processes, which may lead to endothelial dysfunction. Furthermore, we concluded that EMPs play roles not only in protecting their original ECs but also in affecting other cells. In ongoing studies in our laboratory, we are focusing on each important protein of ECs or EMPs according to this study to make clear the whole pathway through which the protein alters downstream cell function. We believe that EMPs could be diagnostic biomarkers and therapeutic targets in diseases associated with endothelial dysfunction, particularly in sepsis.
